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Advances in the study of tumor pH-responsive polymeric micelles
for cancer drug targeting delivery
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Abstract: This review presents the state of the art of pH-responsive polymeric micelles for cancer drug
delivery. Solid tumors have a weakly acidic extracellular pH (pH < 7), and cancer cells have even more acidic
pH in endosomes and lysosomes (pH 4—6). The pH-gradients in tumor can be explored for tumor targeting and
drug release in cancer drug delivery by applying pH-responsive polymeric micelles. The pH-responsive
polymeric micelles consist of a corona and a core, and are made of amphiphilic copolymers, in which there are
pH-responsive polymeric blocks. Two types of pH-responsive polymers-protonizable polymers and acid-labile
polymers have been mainly used to make pH-responsive micelles for drug delivery. The protonizable polymers
are polybases or polyacids, and their water-soluble/insoluble or charge states undergo changes with the protonation
or deprotonation stimulated by external acidity, while the acid-labile polymers change their physical properties
by chemical reaction stimulated by the acidity. Polymeric micelles whose core or coronas respond to the tumor
extracellular acidity can be explored for triggering the fast release of the carried drug, activating the targeting
group and accelerating the endocytosis of drug-loaded polymeric micelles, and those whose core or coronas
respond to the tumor lysosomal acidity can be used for facilitating their escape from the lysosomes and targeting
the nucleus. Various in vivo and in vitro experiments demonstrated that pH-responsive polymeric micelles are
effective for cellular targeting, internalization, fast drug release and nuclear localization, and hence enhancing the
therapeutic efficacy and reducing the side effect of cancer chemical therapy.
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Figure 1 Chemical structures of pH-responsive polybases and
polyacids. 1: Poly(V,N-diethylaminoethylmethacrylate) (PDEA);
2: Poly(L-histidine) (PHis); 3: Poly(4- or 2-vinylpyridine) (PVP);
4: Poly(f-amino ester) (PbAE); 5: Poly(2-substituted acrylic
acid)
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Figure 2 The hydrolysis of poly(ethylene glycol)-b-poly[aspartatehydrazone adriamycin(ADR)]
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Figure 3 The pH-dependent biotin availability for binding.
Above pH 7.0, biotin anchored on the micelle core via pH-sensitive
PHis is shielded by PEG shell of the micelle. Biotin is exposed
on the micelle surface at acidic conditions (6.5 < pH < 7.0) and
can interact with cells, which facilitates biotin-receptor-mediated
endocytosis®”!
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Figure 4 The pH-responsive three layer nanoparticles
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Targeted charge-reversal PCL-PEL amide-FA nanoparticle

Figure 5 A targeted charge-reversal nanoparticle and its pH-triggered charge-reversal

FA: Folate
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PCL: Polycaprolactone; PEI: Polyethyleneimine;
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